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Description 

[0001] The present invention relates generally to an- 
tennas and, more particularly, to motor vehicle antenna 
constructions in the form of slot antennas. 
[0002] A number of antennas has been developed to 
replace typical monopole antennas which are still widely 
used in motor vehicles because of their simple structure 
and effectiveness. However, because such antennas 
protrude from exterior surfaces of the vehicle, they are 
exposed to destructive impacts and create aerodynamic 
disturbances that affect performance or create noise as 
the vehicle travels. Moreover, retractor mechanisms for 
such antennas substantially Increase the cost of supply- 
ing the component, and they displace the monopole 
from an operable, exposed position to an inoperative, 
retracted position where reception is obstructed by ad- 
jacent conductive parts such as engine parts, chassis 
parts or body panels. 

[0003] One previous way to overcome such problems 
has been to incorporate the antenna in other body pan- 
els. For example, conductive body panels such as ex- 
panded areas of sheet metal may be employed to form 
slot antennas by cutting a slot into an expanded ground 
plane made of conductive material. Sheet metal panels 
of the vehicle have previously been employed to form 
the slot antenna. Conductor terminals are secured at lo- 
cations on opposite sides of the slot to transfer the volt- 
age signal received by the antenna. Adjusting the rela- 
tive positions of the terminals on the ground plane af- 
fects the impedance of the antenna, but the ground 
plane is generally very large in relation to the size of the 
slots. Moreover, the surface area of ground plane would 
typically be enlarged in order to enhance the perform- 
ance of the antenna. A shield of a coaxial cable may be 
attached to one side of the slot and the centre conductor 
of the coaxial cable secured to the opposite side of the 
slot, the impedance being adjusted by moving the feed 
point along the length of the slot and adjusting the di- 
mensions of the slot itself. Typically, a slot would be a 
half wavelength long. For example, a slot in the ground 
plane would be 18.75 inches long for reception of a sig- 
nal at 315 megahertz. 

[0004] Moreover, the directional sensitivity of the an- 
tenna is affected by the alignment of the antenna, and 
horizontal panels of the motor vehicles are not most ad- 
vantageous for reception of higher frequency signals, 
for example on the order of a 31 5 megahertz signal used 
for remote keyless entry systems, or a 820-895 mega- 
hertz signal used for cellular phone systems. For exam- 
ple, U.S. Patent No. 5,177,494 to Dorry et al. discloses 
a slot antenna arrangement in which a plurality of an- 
tennas are arranged in numerous orientations through- 
out the vehicle, thus substantially increasing the com- 
plexity and cost of the slot antenna system. Moreover, 
a ground plane aligned at a proper angle, for example 
a side panel or window area of the vehicle, would require 
a substantial surface area to be covered with a conduc- 



tive material and thus tend to obscure visibility and in- 
terfere with operation of the vehicle. 
[0005] Other known types of antennas have been 
adapted for use in the window area of motor vehicles. 
s For example, it has been known to use the heater grid 
which extends across a large portion of the rear window 
as an AM radio signal antenna. However, such an an- 
tenna does not perform well in the FM radio frequency 
range and higher ranges. Accordingly, an additional an- 
io tenna for reception of FM radio signals has been mount- 
ed to windows where the heated grid has been com- 
bined with developed filter circuits for reception of AM 
radio signals. For example, the FM antenna may be an 
extended conductor arranged in a zig-zag pattern 
is across a substantial length of the rear window of the ve- 
hicle. As a result, there is very little window space left in 
a vehicle rear window carrying these known types of an- 
tennas for installation of additional antennas that could 
receive higher frequency radio signals, for example, ra- 
dio signals used for remote keyless entry systems and 
cellular telephone systems, that would require large ar- 
eas when constructed according to known techniques. 
[0006] According to the present invention, there is 
provided a slot antenna having a slot in a reduced 
ground plane for a motor vehicle insulating panel com- 
prising a conductive strip or tape narrow in relation to 
the width of the slot, formed in a loop on the insulating 
panel, said loop forming the slot having a length corre- 
sponding to a fraction of a predetermined wavelength, 
said reduced ground plane consisting of said strip 
formed in a loop peripherally defining the slot, wherein 
said fraction is smaller than the half wavelength of an 
expanded ground plane slot antenna, said loop is of rec- 
tangular form and wherein non-common conductor ter- 
minals are aligned across the slot on its length sides. 
[0007] As with previous slot antennas, the impedance 
of an antenna embodying the invention may be matched 
with the impedance of the transmission by adjusting the 
position of the terminals of the conductors, for example, 
the centre conductor and shield of a coaxial cable, on 
the conductive strip loop. Moreover, the reduced length 
of the antenna compared to previously known slot an- 
tennas, and the reduced dimension of the conductive 
strip provide substantially less obstruction to visibility 
than previously known antenna constructions. As a re- 
sult, it is an advantage of the present invention that slot 
antennas of the type constructed according to the 
present invention can be used in conjunction with other 
window antennas such as heater grid and FM pattern 
antennas which may be mounted in a single window 
panel. 

[0008] As a result, it will be understood that the 
present invention provides substantial advantages over 
previously known slot antennas. The present invention 
provides an advantageous glass mounted antenna for 
use with cellular telephone systems or remote keyless 
entry systems. 

Moreover, the conductive material ground plane occu- 
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pies substantially less surface area than previously 
known slot antennas, so that the antenna does not ob- 
scure visibility over a large surface area, in addition, the 
present invention provides an advantageous antenna 
construction which provides improved gain by stacking s 
a plurality of loops formed from conductive strips in ac- 
cordance with the present invention. Furthermore, the 
present invention provides an advantageous window 
antenna structure including a multiple antenna con- 
struction in a single window panel. 
[0009] The invention will now be described, by way of 
example, with reference to the accompanying drawings, 
in which: 

Figure 1 is a perspective view of a motor vehicle 
employing multiple antennas in a single window 
panel according to the present invention; 
Figure 2 is an enlarged plan view of one of the an- 
tenna structures shown in Figure 1 ; 
Figure 3 is an enlarged plan view of another anten- 
na construction shown in Figure 1 according to the 
present invention; 

Figure 4 is a graphical representation of the per- 
formance of an antenna shown in Figure 2 receiving 
a vertically polarised radio signal; and 
Figure 5 is a graphical representation of the per- 
formance of an antenna shown in Figure 2 receiving 
a horizontally polarised radio signal. 

[0010] Referring first to Figure 1, a motor vehicle 10 
is there shown having a rear window 12. As in typical 
rear window constructions, the window panel is made 
of glass or glass/plastic laminate formed in a conven- 
tional manner to include conductive elements such as 
the rear defogger grid 14. For example, a known heater 
grid construction is made on the window panel by silk 
screen painting with a silver ceramic paint before heat- 
ing the panel to about 593°C to 649°C (1100°F to 
1 200° F) and forming it to the desired shape before tem- 
pering. The silver ceramic paint includes about 95% sil- 
ver with organic carrier, for example, pine oil, and about 
5% glass frit. Heating of the painted panel drives off the 
organic material, sinters the silver and fuses the glass 
frit that melts at about 427°C to 482°C (BOOT to 900 6 F). 
The grid may also be used as an antenna as will be de- 
scribed in greater detail. 

[0011] Of course, other processes and constructions 
can be used to embed or otherwise mount an antenna, 
for example FM antenna 16, to a concealing panel such 
as window glass or other dielectric panel. Likewise, sim- 
ilar processes and constructions can be employed to 
form antennas designed and constructed according to 
the present invention, for example, as remote keyless 
entry antennas as shown in 18 for the remote keyless 
entry system 1 9 shown in Figure 1 , or as the antenna at 
20 for the cellular telephone system 21 as shown in Fig- 
ure 1. 

[0012] Although the invention is not limited to these 



particular embodiments, the combination of antennas 
shown in Figure 1 provides an optimum location and ad- 
vantageous packaging of antennas for a plurality of 
communication systems. The antennas of the present 
invention can fit within the perimeter of contemporary 
window openings along with other screen printed ob- 
jects such as the heater grid, and provide a particularly 
useful combination of communication antennas for mo- 
tor vehicles without obscuring visibility or occupying 
large conductive surfaces as with previous slot anten- 
nas. 

[0013] As shown in Figure 2, a model of the antenna 
18 shown in Figure 1 is embodied by a ground plane 
formed from a quarter inch wide strip 23 of copper foil 
tape with adhesive, for example, a 3M electrical tape 
about .005 centimetre (.002 inch) thick cut and soldered 
at the corners to form the shapes shown in the drawing, 
rather than the wide surface area of conductive material 
previously employed to form the ground plane of a slot 
antenna. Nevertheless, other forms of conductors, such 
as the silver ceramic material used for defroster grid dis- 
cussed above, can be used to form the ground plane of 
the antenna for the present invention. The illustrated 
embodiment aptly demonstrates the effectiveness of 
antennas constructed according to the present inven- 
tion. 

[0014] Antenna 18 with a substantially reduced 
ground plane was found to require a substantially short- 
er slot length 22, and thus a shorter overall length, of 
one third of the desired wavelength of 315 megahertz, 
or only about 13.062 inches (33.2 cm) long. In contrast, 
the length of a slot one half wavelength long at 31 5 meg- 
ahertz is 18.75 inches (47.6 cm). As a result, the slot 
length is substantially less than a half wavelength which 
is ordinarily expected in a slot antenna. Moreover, the 
overall area occupied by the antenna is substantially 
smaller than previously known slot antennas. The width 
24 of the slot is determined by conventional standards 
and practice from known texts, for example, a numerical 
length to width ratio. In the preferred embodiment, the 
spacing of 1 . 1 25 inches (2.8 cm) between the upper and 
lower strips matches the spacing existing between the 
defroster grid lines. Although such spacing is greater 
than needed for the desired bandwidth reception, it is 
well above the minimum of about 1/4 inch (.6 cm) re- 
quired for reception within the RKE radio frequency 
range. 

[0015] The impedance of the antenna is adjusted as 
with slot antennas by changing the location of the ter- 
minals 26 and 28. For example, the terminal 26 formed 
by centre conductor of a coaxial cable 32 and the termi- 
nal 28 formed by the sheath of the coaxial cable 32 the 
opposite side of the slot, are positioned a distance 30, 
for example, 1 .2 inches (3 cm), from the edge of the slot 
depending upon the impedance adjustment needed to 
match the input impedance of the signal transmission 
line. Moreover, the terminals 26 and 28 are moved to- 
gether from the edge of the slot for mechanical conven- 
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ience without adjusting the relative positions between 
the terminals 26 and 28. 

[0016] As just described, the antenna 18 is readily 
adapted tor reception of a predetermined range of fre- 
quencies with a sufficient gain to avoid the need for high 
gain amplification of the signal through an amplifier be- 
fore reaching the remote keyless entry system 19. In 
particular, a system operating at a frequency on the or- 
der of 315 megahertz is compared with respect to the 
Odb reference of a dipole antenna in Figures 4 and 5. 
The data illustrated was obtained by rotating an auto- 
mobile on a turntable while subjecting the installed an- 
tenna panel to a radio signal source generating a polar- 
ised signal. At the coordinate position designated 
FRONT, the front of the car faces the signal source, 
while the RIGHT SIDE 90° coordinate position refers to 
a turntable position at which the right side of the vehicle 
faces the signal source. The Odb level of a dipole anten- 
na rotated on the turntable is shown at 60 while the curve 
62 demonstrates performance of the antenna 18 in- 
stalled in a rear light on a 1992 Mercury Sable in re- 
sponse to a vertically polarised source signal. Similarly, 
the curve 64 illustrates the Odb level of a dipole antenna 
response, and the curve 66 illustrates the relative per- 
formance of the antenna 1 8 in response to a horizontally 
polarised source signal. 

[001 7] The test data was accumulated and plotted as 
shown in Figures 4 and 5. The figures represent an area 
mean of -7.9 db in Figure 4 and an area mean of -11.9 
db in Figure 5, with a minimum-to-maximum ratio in Fig- 
ure 4 of 27.3 db and a minimum-to-maximum ratio of 21 
db in Figure 5. 

Nevertheless, an antenna according to the present in- 
vention may also be employed with remote amplifiers 
mounted close to the antenna or amplified receivers 
mounted elsewhere in the vehicle. 
[0018] Additional performance for an antenna sup- 
ported on a nonconductive panel such as a vehicle rear 
window has also been obtained by adding height to the 
slot. In addition, the improvement in gain provided by 
this adjustment is combined with an improvement in the 
antenna's bandwidth when a second element similar to 
the antenna 18 is added in parallel to form the antenna 
20. As best shown in Figure 3, the ground plane of an- 
tenna 20 is formed by a series of conductive loops. The 
ground plane comprises a conductive strip 43 forming 
an antenna for reception of radio signals on the order of 
855 megahertz, and preferably in the range of 820-895 
megahertz. The quarter inch (0.635 cm) copper tape 
conductor is aligned so that an upper slot having a width 
of .625 inches and a lower slot having a width of .875 
inches is formed with a slot length of 5.00 inches. As 
with the antenna 1 8 described above, a cable conductor 
52 includes a centre conductor coupled to the upper 
tape strip at terminal 46 and the intermediate tape strip 
at a terminal 48, while a grounded shield of cable con- 
ductor 52 forms a terminal 50 on the lower strip of the 
conductive tape. 



[0019] The terminals 46, 48 and 50 are located at a 
distance 1 .0 inch (2.5 cm) from the end of the slot in this 
configuration to provide an impedance matching char- 
acteristic that permitted a gain 2 db greater than an an- 

s tenna having only the lower one of the loops having a 
slot length of 5.00 inches. Of course as discussed 
above, different positions of the terminals may be used 
to affect the impedance represented by the antenna 
structure. The differing height of the antenna loops in a 

10 series of overlapping loops is determined to obtain ad- 
ditional gain and bandwidth improvements. Further im- 
provements may be obtained by stacking additional el- 
ements dimensioned according to the performance de- 
sired. For example, the antenna 20 installed on the 1 992 

is Mercury Sable had a lower loop width of .875 inches 
(2.2 cm) matching the heater grid spacing as discussed 
previously, but having a narrower upper loop with a 
width of .625 inches (1 .6 cm) to raise the frequency of 
the bandwidth received by the antenna. The stacked ar- 

20 rangement of antenna 20 provides a 2db improvement 
over an antenna including only the lower loop alone and 
designed in accordance with the present invention. 



25 Claims 

1. A slot antenna having a slot in a reduced ground 
plane for a motor vehicle insulating panel compris- 
ing: 

30 a conductive strip or tape (23,43) narrow in 

relation to the width of the slot, formed in a loop on 
the insulating panel (12), said loop forming the slot 
having a length (22,44) corresponding to a fraction 
of a predetermined wavelength, said reduced 

35 ground plane consisting of said strip formed in a 
loop peripherally defining the slot, wherein said 
fraction is smaller than the half wavelength of an 
expanded ground plane slot antenna (18,20), said 
loop is of rectangular form and wherein non-com- 

40 mon conductor terminals (26,28,46,48,50) are 
aligned across the slot on its length sides. 

2. An antenna as claimed in claim 1 , wherein said an- 
tenna comprises a stack of a plurality of loops. 

45 

3. An antenna as claimed in claim 2, wherein said 
loops overlap. 

4. An antenna as claimed in claim 1 , wherein said an- 
50 tenna is coupled to a receiver by a coaxial cable. 

5. An antenna as claimed in claim 4, wherein said re- 
ceiver is part of a remote keyless entry system or 
cellular telephone. 

55 

6. An antenna as claimed in any one of the preceding 
claims, wherein said conductive loop is formed on 
a window glass of the motor vehicle. 
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7. A motor vehicle window imprinted with a conductive 
grid for electric window defrosting and a slot anten- 
na, as claimed in any one of the preceding claims, 
imprinted upon the window. 

8. An antenna as claimed in claim 7, wherein said pre- 
determined signal frequency is the operating fre- 
quency of a remote keyless entry system. 

9. An antenna as claimed in claim 7, wherein said pre- 
determined signal frequency is the operating fre- 
quency of a cellular telephone. 



PatentansprQche 

1. Eine Schlitzantenne fur eine isolierende Tafel eines 
Kraftfahrzeuges, die eine verminderte Grundflache 
besitzt, und die umfaGt: 

einen leiffahigen Streifen oder ein leitfahiges Band 
(23, 43), das im Verhaltnis zur Weite des Schlitzes 
schmal ist, und in einer Schleife auf der isolierenden 
Tafel (12) geformt ist, wobei diese Schleife den 
Schlitz bildet, der entsprechend einem Bruchteil ei- 
ner vorherbestimmten Wellenlange eine Lange (22, 
24) hat; und wobei diese verminderte Grundflache 
ausdiesem in einer Schleife geformten Streifen be- 
steht, derden Schlitz peripherisch beschreibt; worin 
dieser Bruchteil kleiner als die halbe Wellenlange 
einer Schlitzantenne mit ausgedehnter Grundfla- 
che (18, 20) ist, und diese Schleife von rechteckiger 
Form ist, und worin unubliche, leitende Endablei- 
tungen (26, 28, 46, 48, 50) uber den Schlitz hinweg 
an dessen langen Seiten angeordnet sind. 

2. Eine Antenne nach Anspruch 1 , worin diese Anten- 
ne einen Stapel aus einer Mehrzahl von Schleifen 
umfaBt. 

3. Eine Antenne nach Anspruch 2, worin diese Schlei- 
fen uberlappen. 

4. Eine Antenne nach Anspruch 1 , worin diese Anten- 
ne durch ein Koaxial-Kabel mit einem Empfanger 
verbunden ist 

5. Eine Antenne nach Anspruch 4, worin dieser Emp- 
fanger Teil eines ferngesteuerten, schlussellosen 
Eingangssystems oder eines Funktelefons ist. 

6. Eine Antenne nach einem der vorangehenden An- 
spruche, worin diese leitfahige Schleife auf dem 
Fensterglas eines Kraftfahrzeuges geformt ist. 

7. Ein Fenster fur ein Kraftfahrzeug mit einem aufge- 
druckten, leiffahigen Gitter zur elektrischen Fen- 
sterenteisung, und einer Schlitzantenne nach ei- 
nem der vorangehenden Anspruche, die auf das 



Fenster auf gedruckt ist. 

8. Eine Antenne nach Anspruch 7, worin diese vorher- 
bestimmte Signalf requenz die Betriebsfrequenz ei- 

s nes ferngesteuerten, schlussellosen Eingangssy- 
stems ist. 

9. Eine Antenne nach Anspruch 7, worin diese vorher- 
bestimmte Signalfrequenz die Betriebsfrequenz ei- 

10 nes Funktelefons ist. 



Revendications 

is 1 . Antenne a f ente comportant une f ente dans un plan 
de masse r6duit, destined a un panneau isolant d'un 
v6hicule automobile comprenant : 

un ruban ou une bande conductrice (23, 43) 
etroite par rapport a la largeur de la fente, form6e 

20 en une boucle sur le panneau isolant (12), ladite 
boucle formant la fente presentant une longueur 
(22, 24) correspondant a une fraction d'une lon- 
gueur d'onde predetermined, ledit plan de masse 
r6duit etant constitu6 dudit ruban form6 en une bou- 

25 cle definissant la fente suivant la peripherie, dans 
laquelle ladite fraction est inferieure a la demie lon- 
gueur d'onde d'une antenne a fente a plan de mas- 
se 6tendu (18, 20), ladite boucle est de forme rec- 
tangulaire, et dans laquelle des bomes de conduc- 

30 teurs non communs (26, 28, 46, 48, 50) sont ali- 
gnees a travers la fente sur les c6t6s de sa lon- 
gueur. 

2. Antenne selon la revendication 1 , dans laquelle la- 
35 dite antenne comprend un empilement d'une plura- 
lity de boucles. 

3. Antenne selon la revendication 2, dans laquelle les- 
dites boucles se chevauchent. 

40 

4. Antenne selon la revendication 1 , dans laquelle la- 
dite antenne est reliee a un recepteur par un c§ble 
coaxial. 

45 s. Antenne selon la revendication 4, dans laquelle le- 
dit rdcepteur fait partie d'un systeme d'acces sans 
c!6 a distance ou d'un telephone cellulaire. 

6. Antenne selon I'une quelconque des revendications 
so prec6dentes, dans laquelle ladite boucle conductri- 
ce est form6e sur une glace du v6hicule a moteur. 

7. Glace de vehicule a moteur comportant une grille 
conductrice imprimee destinee au degivrage elec- 
ts trique de la glace, et une antenne a fente, selon 

I'une quelconque des revendications prec6dentes, 
imprimSe sur la glace. 
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Antenne selon la revendication 7, dans laquelle la- 
dite frequence de signal pr6d6termin6e est la fr6- 
quence de fonctionnement d'un systeme d'acces a 
distance sans cle\ 

Antenne selon la revendication 7, dans laquelle la- 
dite frequence de signal pr6d6termin6e est la fre- 
quence de fonctionnement d'un t6l6phone cellulai- 
re. 
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